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INTRODUCTION

Tumor aggressiveness of prostate cancer (PCa) is evaluated by the Gleason score (GS) developed to stratify tumor differentiation [START_REF] Epstein | Prostate cancer grading: a decade after the 2005 modified system[END_REF]. On the other hand, apparent diffusion coefficient (ADC), obtained from multiple b-value diffusion-weighted magnetic resonance imaging (DW-MRI), correlates with glandular cell density [START_REF] Koh | Diffusion-weighted MRI in the body: applications and challenges in oncology[END_REF]. This property has been repeatedly utilized to correlate the mean ADC (ADCmean) with GS and assess PCa aggressiveness, assuming that high GS PCa have high glandular cell density, resulting in low ADCmean for these tumor foci.

The results of a meta-analysis showed that this correlation was only moderate and the authors emphasized that the majority of PCa were evaluated without considering the zone of origin of the PCa, or included only peripheral zone (PZ) PCa (PZ-PCa) [START_REF] Shaish | The utility of quantitative ADC values for differentiating high-risk from low-risk prostate cancer: a systematic review and meta-analysis[END_REF]. Only a few studies correlated the ADCmean and the GS of transition zone (TZ) PCa (TZ-PCa) [START_REF] Boesen | Apparent diffusion coefficient ratio correlates significantly with prostate cancer gleason score at final pathology[END_REF][START_REF] Gao | Diagnostic performance of multiparametric MRI parameters for Gleason score and cellularity metrics of prostate cancer in different zones: a quantitative comparison[END_REF][START_REF] Verma | Assessment of aggressiveness of prostate cancer: correlation of apparent diffusion coefficient with histologic grade after radical prostatectomy[END_REF][START_REF] Vos | Multiparametric Magnetic Resonance Imaging for Discriminating Low-Grade From High-Grade Prostate Cancer[END_REF]. Two of them [START_REF] Boesen | Apparent diffusion coefficient ratio correlates significantly with prostate cancer gleason score at final pathology[END_REF][START_REF] Costa | Prospective Inclusion of Apparent Diffusion Coefficients in Multiparametric Prostate MRI Structured Reports: Discrimination of Clinically Insignificant and Significant Cancers[END_REF] found that ADCmean of TZ-PCa could predict PCa aggressiveness, but the three other studies failed to confirm this correlation [START_REF] Gao | Diagnostic performance of multiparametric MRI parameters for Gleason score and cellularity metrics of prostate cancer in different zones: a quantitative comparison[END_REF][START_REF] Verma | Assessment of aggressiveness of prostate cancer: correlation of apparent diffusion coefficient with histologic grade after radical prostatectomy[END_REF][START_REF] Vos | Multiparametric Magnetic Resonance Imaging for Discriminating Low-Grade From High-Grade Prostate Cancer[END_REF]. The explanation may come from the specific histological pattern of low-grade TZ-PCa, the so-called "TZ look", made of dense packed cells, not observed in GS 3+3 PZ-PCa, which may account for a marked restriction of diffusion, despite a well differentiated glandular pattern [START_REF] Garcia | Do prostatic transition zone tumors have a distinct morphology?[END_REF].

The purpose of this study was to compare ADCmean and glandular cell density of GS 3+3 TZ-PCa to those of PZ-PCa.

MATERIAL & METHODS

Patients

This retrospective study was approved by our institutional review board and informed consent was waived. The MRI database of our department was queried from May 2017 through September 2019 to select 37 patients who had a biparametric MRI (bpMRI), and a TZ bpMRI score >2 lesion, subsequently proved to be a prostate cancer on targeted prostate fusion biopsies (Applio 500, Toshiba), performed by two radiologists of our department. Patients were treated by radical prostatectomy. For the purpose of the study, 42 patients with a biopsy-proved PZ-PCa, visible on bpMRI, also investigated in our department during the same period and also subsequently treated by radical prostatectomy were included as a control group.

In all, 79 men with a mean age of 65 ± 6 (standard deviation [SD]) years; range: 52 -81 years) were included. Clinical data are summarized in Table 1. Time interval between MRI and surgical resection was less than 3 months in all patients. No patient received hormonal deprivation before surgery.

MRI protocol

MRI protocols are summarized in Table 2. All patients received a cleansing enema one to two hours before MRI examination and intrarectal air was aspired with a female bladder catheter just before the beginning of the examination, in patients imaged without endorectal coil. A biparametric MRI (bp-MRI) protocol was used including T2-weighted and DW-MRI sequences. MRI examinations were performed with a 48-channel 1.5-Tesla (1.5T) Aera ® unit (Siemens Healthineers) with a combination of a pelvic-phased-array coil (30 elements) and a reusable two-channel endorectal coil (Philips Healthcare) in 40 patients. MRI examinations were performed with a 64 channel 3-Tesla (3T) Skyra ® unit (Siemens Healthineers) using a pelvic-phased-array coil alone (18 elements) in 39 patients. Threedimensional T2-weighted images were acquired at 3-T and multiplanar 2D images (2 or 3 planes) were acquired at 1.5T. Axial echo-planar DW MR images with three b-values: 50-, 500-, 1000 s/mm² were acquired with extraction of ADC maps by a dedicated workstation (Olea Medical). Computed high b-values (2000-, 4000-and 6000 s/mm²) were also extracted using the same workstation for image interpretation.

To validate the comparison between values measured at 1.5 T and 3T, a subset of 20 patients were randomly selected to assess the reproducibility of ADC measurements in nonsuspicious PZ and TZ by one reader. Ten of them were imaged at 1.5 T with the endorectal coil and the remaining 10 patients were imaged at 3T using a pelvic phased array coil only. For each patient, two regions of interest on the ADC maps were drawn, one covering the whole TZ and the second the whole PZ, excluding areas with a biparametric score >2. ADCmean was measured at 1.5-and 3T and comparison was done for each zone.

Histopathological examination

After radical prostatectomy, prostates were fixed in formalin for at least 48 hours and coated with India ink. The prostates were cut into whole slides 4-mm sections perpendicular to the posterior plane, labelled, embedded in paraffin, and further sectioned to produce 5µm step sections that were stained with hematoxylin and eosin. Two uro-pathologists reviewed all histopathological samples. Tumor foci were scored according to the updated Gleason scoring system [START_REF] Epstein | Prostate cancer grading: a decade after the 2005 modified system[END_REF], and the percentage of grade 4 was recorded. Pathologic stage was determined according to the 2009 tumor-node-metastasis classification for prostate cancer [START_REF] Sobin | Classification of malignant tumors[END_REF].

MRI interpretation and Radiological-Pathological correlation

All PCa MR images were reviewed by a senior radiologist and two uropathologists. The largest diameter of the PCa was measured on axial images, using the sequence that best showed the lesion. Satellite (secondary) tumors, as well as invisible tumor foci on MRI, were not considered. Tumor segmentation for ADC value generation was performed blinded to the result of histopathology. ADCmean was measured by drawing a region of interest (ROI) excluding the edges of the PCa. When a PCa was visible on more than one section, a ROI was traced on each section that showed the PCa. The chosen value of ADCmean for a selected PCa was the slice with the lowest mean value, assumed to be the area with the highest restricted diffusion. We did not measure ADCmean on the slice showing the largest diameter or the average of ADCmean measured on each image depicting the tumor [START_REF] Boesen | Apparent diffusion coefficient ratio correlates significantly with prostate cancer gleason score at final pathology[END_REF][START_REF] Donati | Prostate MRI: evaluating tumor volume and apparent diffusion coefficient as surrogate biomarkers for predicting tumor Gleason score[END_REF].

The whole tumor ADC was not part of the routine MRI reading and was thus not evaluated [START_REF] Rosenkrantz | Whole-lesion apparent diffusion coefficient metrics as a marker of percentage Gleason 4 component within Gleason 7 prostate cancer at radical prostatectomy[END_REF]. Using the whole mount slides as a reference, ADC metrics also ensured that the ROI placed on TZ-PCa did not include benign prostatic hyperplasia nodules adjacent to the tumor to ensure that the ADCmean for TZ-PCa included tumor only.

Finally, the tumor glandular density was semi-quantitatively evaluated by the pathologist, blinded to the result of MRI, and the presence of a glandular density involving more than 50% of the tumor burden (dense pattern) was assessed for each lesion [START_REF] Langer | Intermixed normal tissue within prostate cancer: effect on MR imaging measurements of apparent diffusion coefficient and T2--sparse versus dense cancers[END_REF]. No digitized segmentation was performed.

Statistical analysis

Statistical analysis was performed using SPSS 20.0 software. Continuous variables were expressed as means ± SD and ranges and categoric variables as raw numbers, proportions and percentages. Normality of distributions was assessed using histograms and Shapiro-Wilk test. Continuous and categoric variables were compared by using Student t-test and Fisher exact or Chi-square tests, respectively. Correlation between ADCmean and GS was analyzed using Spearman correlation test. Significance was set at p<0.05

RESULTS

Clinical, MRI and pathological findings

Characteristics of the 79 patients are reported in Table 1. There were no differences between the two groups for PSA level. Patients with PZ-PCa were older (p=0.0018) and had larger prostate volume (p = 0.0018). The largest diameter of TZ-PCa (16 ± 7 [SD] mm) was greater than that of PZ-PCa (11 ± 6 [SD] mm) (p=0.0007). Distribution of GS was similar between both groups. A dense pattern (Figure 1) was observed in 7/12 (58%) low-grade TZ-PCa versus 1/12 (7.6%) low-grade PZ-PCa (p=0.03) (Figure 2). No significant difference was observed between the glandular density of higher grade TZ-and PZ-PCa (table 2). Of the 12 GS >3+4 tumors, 11 (11/12, 91.6%) had a GS of 4+3 and had a dense pattern (Figure 3). The only low glandular density high-grade PCa was a GS 5+4 PZ-PCa with a Gleason grade 5 pattern made of isolated cells and an abundant stroma (Figure 4). According to the zone of origin, the glandular density of low grade TZ-Ca was not significantly different from that of GS 3+4 or 4+3 TZ tumors (p=0.47 and 0.1, respectively). In the PZ, the glandular density of low-grade PZ-PCa was lower than that of GS 3+4 and >3+4 tumors (p=0.03 and p=0.0005, respectively).

Comparison between ADCmean measured at 1.5 T and 3 T in the normal TZ and PZ showed no significant difference in the subgroup of 20 patients evaluated. For the normal TZ, ADCmean at 1.5T was 1375 x 10 -6 ± 119 [SD] x 10 -6 mm²/s (range: 1120 x 10 -6 -1560 x 10 -6 mm²/s ) versus 1432 x 10 -6 ± 8 [SD] x 10 -6 mm²/s (range : 1024 x 10 -6 -1660 x 10 -6 mm²/s) at 3T (p=0.7). For the normal PZ, ADCmean at 1.5T was 1.720 x 10 -6 ± 154 x 10 -6 [SD] mm²/s (range : 1370 x 10 -6 -1950 x 10 -6 mm²/s] versus 1.889 x 10 -6 ± 258 x 10 -6 [SD] mm²/s (range : 1225 x 10 -6 -2002 x 10 -6 mm²/s) at 3T (p = 0.5).

ADCmean of GS 3+3 PCa according to the zone of origin.

ADCmean of GS 3+3 TZ-PCa (728 x 10 -6 ± 52 x 10 -6 [SD] mm²/s) was lower than that of GS 3+3 PZ-PCa (865 x 10 -6 ± 121 [SD] x 10 -6 mm²/s) (p<0.0007). GS 3+3 TZ-PCa ADCmean was not significantly different from that of GS 3+4 TZ-and PZ-Ca (p=0.4 and 0.06, respectively) or GS >3+4 TZ-and PZ-Ca (p=0.06 and 0.06, respectively) (Table 3). In the PZ, ADCmean of GS 3+3 PCa was higher than that of Gleason >3+4 PCa (p = 0.02) (Figure 3), but similar to that of GS 3+4 PCa (p=0.24). In both zones, ADCmean of GS 3+4 PCa were similar (p=0.14), as well as those of GS>3+4 PCa (p=0.9). Correlation between ADCmean and GS was weak for TZ-PCa (ρ=0.32; p=0.04) and moderate for PZ-PCa (ρ=0.45; p=0.003).

DISCUSSION

Our results show that ADCmean of GS 3+3 PCa was significantly lower in TZ than in PZ-PCa. GS 3+3 TZ-PCa exhibits a histological pattern with a high epithelial component, made up of packed glands, involving at least 50% of the PCa burden in 49% of cases, with a low stromal component and a low luminal component, the glandular lumen being filled by a columnar epithelium, which reduces the luminal space [START_REF] Garcia | Do prostatic transition zone tumors have a distinct morphology?[END_REF]. This pattern, observed in 58% of GS 3+3 TZ-PCa in our study, resulted in a marked restricted diffusion and therefore a substantial drop in ADCmean of low-grade TZ-PCa. This discrepancy between glandular density and glandular differentiation has been illustrated in several studies, which have demonstrated that restricted diffusion of PCa correlates more strongly with the distribution of glandular, luminal and stromal components within the tumor than with the GS itself [START_REF] Gao | Diagnostic performance of multiparametric MRI parameters for Gleason score and cellularity metrics of prostate cancer in different zones: a quantitative comparison[END_REF][START_REF] Chatterjee | Changes in Epithelium, Stroma, and Lumen Space Correlate More Strongly with Gleason Pattern and Are Stronger Predictors of Prostate ADC Changes than Cellularity Metrics[END_REF][START_REF] Helfrich | Quantified analysis of histological components and architectural patterns of gleason grades in apparent diffusion coefficient restricted areas upon diffusion weighted MRI for peripheral or transition zone cancer locations[END_REF][START_REF] Kwak | Prostate Cancer: A Correlative Study of Multiparametric MR Imaging and Digital Histopathology[END_REF][START_REF] Miyai | Histological differences in cancer cells, stroma, and luminal spaces strongly correlate with in vivo MRI-detectability of prostate cancer[END_REF][START_REF] Glazer | Diffusionweighted endorectal MR imaging at 3T for prostate cancer: correlation with tumor cell density and percentage Gleason pattern on whole mount pathology[END_REF]. Specific attention to tissue components of low-grade TZ-PCa was paid in some articles describing the dense glandular density of low grade TZ-PCa, which lowered ADCmean of these tumors [START_REF] Gao | Diagnostic performance of multiparametric MRI parameters for Gleason score and cellularity metrics of prostate cancer in different zones: a quantitative comparison[END_REF][START_REF] Helfrich | Quantified analysis of histological components and architectural patterns of gleason grades in apparent diffusion coefficient restricted areas upon diffusion weighted MRI for peripheral or transition zone cancer locations[END_REF]. In our study, ADCmean of GS3+3 TZ-Ca dropped to that of highergrade PCa, including GS>3+4 PCa, whatever the zone of origin. ADCmean of low grade TZ-PCa was thus not predictive of tumor aggressiveness, as reported in previous studies, resulting in a weak correlation between ADCmean and GS in our study. The consequence in daily practice, is that accuracy of a low ADCmean to predict a high GS is not valid for TZ-PCa when clinical decision-making is the matter [START_REF] Gao | Diagnostic performance of multiparametric MRI parameters for Gleason score and cellularity metrics of prostate cancer in different zones: a quantitative comparison[END_REF][START_REF] Verma | Assessment of aggressiveness of prostate cancer: correlation of apparent diffusion coefficient with histologic grade after radical prostatectomy[END_REF][START_REF] Helfrich | Quantified analysis of histological components and architectural patterns of gleason grades in apparent diffusion coefficient restricted areas upon diffusion weighted MRI for peripheral or transition zone cancer locations[END_REF]. Detection of a low-grade TZ-PCa by targeted biopsies of a confined anterior tumor visible on MRI, should not lead to the conclusion that MRI-targeted biopsies have missed a potentially more aggressive PCa. Correlation with the surgical GS have indeed shown that the biopsy GS of these PCa was confirmed at pathological examination of the specimen in 80% of cases or upgraded to favorable GS 3+4 PCa with at most 20% grade 4 component in not more than 25% of cases [START_REF] Lanz | Gleason Score Determination with Transrectal Ultrasound-Magnetic Resonance Imaging Fusion Guided Prostate Biopsies--Are We Gaining in Accuracy?[END_REF].

In the PZ, our findings confirm those of several previous studies, which concluded that differentiation of GS 3+3 from GS 3+4 PCa could not be done by the mean ADC [START_REF] Shaish | The utility of quantitative ADC values for differentiating high-risk from low-risk prostate cancer: a systematic review and meta-analysis[END_REF]. Our study showed that a predominant "TZ-look", reported in only 5% of low-grade PZ-PCa, was present in only one low-grade PZ-PCa [START_REF] Garcia | Do prostatic transition zone tumors have a distinct morphology?[END_REF]. This finding probably explains why lowgrade PZ-PCa exhibits a mean higher ADCmean, not significantly different from that of GS 3+4 PCa, although the glandular density of the former was found to be significantly higher than that of the latter [START_REF] Holtz | New prostate cancer prognostic grade group (PGG): Can multiparametric MRI (mpMRI) accurately separate patients with low-, intermediate-, and high-grade cancer?[END_REF]. In our series, a significant difference was only noted between lowgrade and high-grade PCa, a finding mentioned in the meta-analysis quoted above [START_REF] Shaish | The utility of quantitative ADC values for differentiating high-risk from low-risk prostate cancer: a systematic review and meta-analysis[END_REF].

Our study has several limitations. One is the sample size that may limit the validation of the lack of correlation between the mean ADC and the GS of low-grade TZ-PCa. We chose to measure ADCmean on the slice with the lowest ADC to standardize our ADC measurements and to limit potential bias due to tumor heterogeneity. Studies with whole tumor histogram analysis may limit this bias [START_REF] Helfrich | Quantified analysis of histological components and architectural patterns of gleason grades in apparent diffusion coefficient restricted areas upon diffusion weighted MRI for peripheral or transition zone cancer locations[END_REF]. Another issue is the subjective assessment of the histological dense pattern, which would be more consistently been evaluated if a histological segmentation was used. However, the two pathologists who analysed the specimen, acknowledged that estimation of a dense pattern involving >50% of the tumor was not more subjective than evaluating the percent of Gleason grade 4 within a tumor when it was close to 50%. The semi-quantitative evaluation of glandular density may thus be considered valid for our study. A third limitation was the use of two MRI scanners from the same manufacturer and same DW-MRI acquisition protocol, but with a different magnetic field strength. However, we did not find any significant difference between ADCmean of normal PZ or TZ at 1.5 T and 3 T and ADCmean of abdominal organs is not significantly modified, except for the liver, by the field strength [START_REF] Donati | Diffusion-weighted MR imaging of upper abdominal organs: field strength and intervendor variability of apparent diffusion coefficients[END_REF][START_REF] Rosenkrantz | Diffusion-weighted imaging of the abdomen at 3.0 Tesla: image quality and apparent diffusion coefficient reproducibility compared with 1.5 Tesla[END_REF][START_REF] Barral | Diffusion-weighted MR imaging of the normal pancreas: reproducibility and variations of apparent diffusion coefficient measurement at 1.5-and 3.0-Tesla[END_REF]. For the prostate, at least at 3T, no significant difference in the ADC of a lesion on MRI could be demonstrated with and without an endorectal coil [START_REF] Dhatt | MRI of the Prostate With and Without Endorectal Coil at 3 T: Correlation With Whole-Mount Histopathologic Gleason Score[END_REF]. We may thus consider that PCa ADC metrics at 1.5-and 3T in our study could be compared, as reported previously for brain tumors [START_REF] Merhemic | Apparent diffusion coefficient reproducibility in brain tumors measured on 1.5 and 3 T clinical scanners: A pilot study[END_REF].

In conclusion, ADCmean of GS 3+3 TZ-PCa is significantly lower that of GS 3+3 PZ-PCa and not different from that of higher-grade PCa whatever the zone of origin. This finding is related to a unique dense pattern of low-grade TZ-Ca. Physicians involved in the management of a newly diagnosed TZ-PCa should thus not consider this discrepancy as an underestimation of the actual GS and should not modify the clinical decision making Legends for the tables. 

Tables

Figure legends Figure 1 .

 legends1 Figure legendsFigure1. 66-year-old man with a prostate specific antigen level of 9 ng/mL. T2-weighted MR image in the axial plane shows a hypointense anterior left TZ tumor (arrow, a) with a low ADCmean (590 x 10 -6 mm²/s) (arrow, b) and high signal intensity on Diffusion weighted-images (c), suggesting a high GS PCa. Whole mount specimen shows a dense tumor (arrow, d). Higher magnifications (x20), (e) and (x 40), (f) confirm that the tumor has a high glandular component made of well-differentiated non-fused glands (GS 3+3). Note the small luminal and mild stromal components (d, e).

Figure 2 .

 2 Figure 2. 73-year old man with a prostate specific antigen level of 7ng/mL. T2-weighted MR image in the axial plane shows a hypointense right PZ-PCa (arrow, a). The ADCmean is 910 x 10 -6 mm²/s (b), suggesting a low-or intermediate grade tumor. Microscopic view (magnification x 20, c) shows a GS 3+3 PCa with a luminal and stromal component much more important than in patient of figure 1. The epithelium component is also less important. This pattern explains the moderate decrease of the ADCmean.

Figure 3 .

 3 Figure 3. 71-year-old man with a prostate specific antigen level of 9ng/mL. T2-weighted MR image in the axial plane shows a hypointense right posterolateral PZ-PCa (arrow, a), with a ADCmean of 610 x 10 -6 mm²/s (arrow, b) suggesting high-grade PCa, because of the zone of origin of the lesion. The high glandular density of the tumor is visible on the whole mount specimen (arrow, c) and corresponds to a GS 4+3 PCa with a 70% grade 4 component (d). The epithelial component is high, made of packed fused cells (*,d). The luminal and stromal components are low (*,d). Note the presence of a cribriform pattern (arrow, d).

Figure 4 .

 4 Figure 4. 69-year-old with a prostate specific antigen level of 16 ng/ml and a prostate volume of 130 cc3. T2-weighted MR image in the axial plan shows a hypointense left posterior PZ-PCa (arrow, a), with a moderate restricted diffusion indicated by an ADCmean of 1000 x 10 -6 mm²/s (arrow, b), suggesting a low-or intermediate-grade PCa. Microscopic view (magnification x20) shows a highly aggressive Gleason 5+4 made of isolated glandular cords (white arrows, c) indicating a low epithelial component, within an abundant stroma, intermixed with normal prostate glands (*), resulting in a moderate decrease of the ADCmean.
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Table 1 : MRI protocols

 1 

	MRI Unit	b-values	TR	TE	ST	matrix	FOV
		(s/mm²)	(ms)	(ms)	(mm)		(mm)
	Aera 48 ; 1.5T						
	Ecoil+PPAcoil						
	T2W	na	4310	126	2.5	205x256	130x130
	DWI	50/500/1000 3	5200	77	2.5	80 ×100	200 ×200
		2000/4000/6000 4					
	Skyra 64 : 3T						
	PPAcoil 2						
	T2W	na	2810	163	3	179x256	135x135
	DWI	50/500/1000 3	4100	71	3	95 ×100	200× 200
		2000/4000/6000 4					

1 30 elements; 2 60 elements; 3 acquired b-values for the ADC map; 4 computed b-values; ST: slice thickness; PPA: Pelvic phased-array; ecoil : endorectal coil; na : non applicable

Table 2 . Clinical, MR and pathological characteristics of 79 patients.

 2 

		Transition zone	Peripheral zone	p value
		(n=37)	(n=42)	
	Age	67 ± 6 [52 -77]	63 ± 5 [53 -81]	0.0018
	PSA (ng/ml)	9.3 ± 4 [4 -94]	8.9 ± 4 [4 -76]	0.66
	Prostate vol (ml)	41 ± 17 [15 -85]	55 ± 26 [22 -125]	0.0018
	Lesion size MRI(mm)	16 ± 7 [7 -44]	11 ± 6 [6 -33]	0.0007
	Gleason score			
	3+3	12/37 (32%)	13/42 (31%)	0.9
	dense pattern	7/12 (58%)	1/13 (7.6%)	0.016
	3+4	19/37 (51%)	23/42 (55%)	0.66
	dense pattern	8/19 (42%)	10/23 (43.5%)	1
	>3+4	6/37 (16%)	6/42 (14%)	1
	dense pattern	6/6 (100%)	5/6 (83%)	0.06

Table 3 . Apparent diffusion coefficient (ADC) of prostate cancer of peripheral and transitional zone according to the Gleason score. ADC (mm²/s) Gleason score Transition zone (n = 37)

 3 

	Peripheral zone	p
	(n = 42)	

*: Spearman's rank correlation coefficient. ADC = apparent diffusion coefficient